Abstract :We report on extended spectroscopic analysis of pharmaceutical tablets performed with broadband photon time-of-flight absorption/scaring spectroscopy. Precise monitoring of absorption and scattering spectra enables cost-efficient monitoring of key safety and performance parameters of the drugs. The key advantage of near-infrared (NIR) DOS spectroscopy in industrial applications is that, combined with chemo-metric analysis, it is capable of resolving subtle variations in the chemical composition, and in the physical, structural, and morphological properties of different kinds of turbid samples, without the need for costly and lengthy sample preparation. Furthermore, NIR DOS spectroscopy is relatively cheap, fast, and easy to implement, and can be set up for remote operation. As a result, it is suitable for on-line process monitoring and quality control.
Introduction
Diffuse optical spectroscopy (DOS) applied to evaluation of absorption and scattering in turbid materials is an indispensable component in the modern photonics toolbox. Applications of DOS range from biomedical diagnostics [1] and medical treatment monitoring [2] , to quality control and product analysis in food [3] , pharmaceutical [4] , and timber [5] industries.
The key advantage of near-infrared (NIR) DOS spectroscopy in industrial applications is that, combined with chemo-metric analysis, it is capable of resolving subtle variations in the chemical composition, and in the physical, structural, and morphological properties of different kinds of turbid samples, without the need for costly and lengthy sample preparation. Furthermore, NIR DOS spectroscopy is relatively cheap, fast, and easy to implement, and can be set up for remote operation. As a result, it is suitable for on-line process monitoring and quality control.
The main challenge associated with DOS measurements is differentiating between the effects of absorption and scattering in evaluated optical attenuation. The precise measurement of absorption is essential for the accurate evaluation of the chemical composition of a sample. Scattering can be utilized for the characterization of the structural and morphological properties of the sample.
Conventional DOS techniques that are currently widely employed in diverse applications are based on monitoring transmission of CW light through turbid sample. In order to discriminate absorption and scattering effects they necessitate using an extensive chemometric modeling that is based on sophisticated design and costly maintenance of elaborated calibration databases. Recent advance in source and detector technology enables the development of the new advanced spectroscopic techniques such as photon time of flight (PTOF) spectroscopy that provide means for direct monitoring of absorption and scattering spectra of turbid samples. This enables better understanding the physics of the light interaction with the sample and facilitates advance in new spectroscopic analysis methods which eventually leads to chanced efficiency and decrease cost of the analysis.
Photon time of flight (PTOF) spectroscopy
The principle PTOF spectroscopy is based on monitoring of the photon time of flight distribution through a turbid sample. Fitting the PTOF distribution with the appropriate model of the turbid light propagation enables determination of the absorption coefficient μ and the reduced scattering coefficient μ′ . The reduced scattering coefficient is defined as μ′ 1 g μ where g is scattering anisotropy, and μ is scattering coefficient which is reciprocal to scattering mean free path. Scanning the wavelength for which PTOF distribution is measured and evaluated allows μ and μ′ spectra to be evaluated. in Figure 1 
